Vascular Health and Risk Management

Dove

ORIGINAL RESEARCH

Laser Doppler Flowmetry and Visible Light
Spectroscopy of the Gastric Tube During Minimally
Invasive Esophagectomy

Nathkai Safi'-?
Hans-Olaf Johannessen
Asle Wilhelm Medhus ®*
Tom Mala®?

Syed SH Kazmi®'?

'Department of Vascular Surgery, Heart,
Lung and Vascular Clinic, Oslo University
Hospital, Oslo, Norway; 2Faculty of
Medicine, Oslo University, Oslo, Norway;
3Department of Gastrointestinal Surgery,
Oslo University Hospital, Oslo, Norway;
“Department of Gastroenterology, Oslo
University Hospital, Oslo, Norway

3

Correspondence: Nathkai Safi
Department of Vascular Surgery, Heart,
Lung and Vascular Clinic, Oslo University
Hospital, Oslo University, Oslo 0586,
Norway

Tel +47 97407460

Email nathkaisafi@yahoo.no

This article was published in the following Dove Press journal:
Vascular Health and Risk Management

Introduction: Ischemia is considered as the main reason for thoracic gastroesophageal
anastomotic leaks after esophagectomy. Microcirculatory monitoring with laser Doppler
flowmetry and visible light spectroscopy may provide valuable intraoperative real-time
information about the gastric tube’s tissue perfusion and circulation.

Patients and Methods: Ten patients with esophageal cancer operated with minimally
invasive esophagectomy participated in this single-center, prospective, observational pilot
study. A single probe with laser Doppler flowmetry and visible light spectroscopy was used
to perform transserosal microcirculation assessment of the gastric tube at predefined anato-
mical sites during different operation phases. Group comparison and changes were evaluated
using the paired sample 7-test.

Results: A reduction in StO2 was found at all measuring sites after the gastric tube
formation compared with the baseline measurements. The mean StO2 reduction from base-
line to gastric tube formation and after anastomosis was 16% (range 4%—28%) and 42%
(range, 35%—52%), respectively. A statistically significant increase in the rHb concentration,
representing venous congestion, was detected at the most cranial part of the gastric tube (P =
0.04). Three patients developed anastomotic leaks.

Conclusion: Intraoperative real-time laser Doppler flowmetry and visible light spectroscopy
are feasible and may provide insight to microcirculatory changes in the gastric tube and at the
anastomotic site. Patients with anastomotic leaks seem to have critical local tissue StO2
reduction and venous congestion that should be further evaluated in studies with larger
sample sizes.
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Introduction

Anastomotic leak is a severe complication after thoracic gastroesophageal anastomosis
(TGEA) and is typically reported at incidences of 10-20%.' Although multifactorial,
ischemia at the anastomotic site plays a central role in TGEA leaks.* The cranial 20%
of the gastric tube is vascularized by an intramural vascular network and may be prone
to the development of ischemia by manipulation, tension, and strangulation during
gastric pull-up and anastomosis construction. The ischemic changes may not be
visually apparent during the surgical procedure, and constructing the anastomosis at
a hypoperfused site may result in an anastomotic leak. Intraoperative information
about the gastric tube’s microcirculatory status may guide the surgeon to define the
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anastomotic site with the best possible microcirculation.
Despite the introduction of numerous intraoperative bowel
viability assessment techniques, only a few techniques are
feasible for intraoperative assessment of the gastric tube
during esophagectomy.®’ In addition to laser Doppler flow-
metry (LDF), which is one of the methods most extensively
investigated, visible light spectroscopy (VLS) has emerged
as a promising method for the detection of the microcircu-
latory changes in the gastrointestinal tract.**'

The main aim of our pilot study was to evaluate the
feasibility of combined use of LDF and VLS for transserosal
microcirculation assessment of the stomach and the gastric
tube
esophagectomy.

during different phases of minimally invasive

Patients and Methods
During seven months from July 2018 to January 2019,
patients with esophageal cancer, scheduled for minimally
invasive esophagectomy at Oslo University Hospital,
Ulleval, were considered for this pilot study enrollment,
at the discretion of the attending surgeon and from the
availability of the principal investigator at the time of
surgery. The institution is a regional center for esophageal
cancer’s surgical treatment, with an annual volume of
about 50 patients operated. Inclusion criteria for study
enrollment included patients with the capacity to give
informed consent and a potentially curable distal esopha-
geal cancer. All patients received neoadjuvant radio-
chemotherapy with 41.1 Gy and Carboplatin and paclitaxel
according to the CROSS radio-chemotherapy regime.'"
During surgery, a 2.6 mm microprobe with combined
LDF and VLS modalities (O2C; LEA Medizintechnik,
Germany), was channeled through a laparoscopic trocar
to quantify transserosal, blood flow, velocity, mixed

arterial and venous saturation of hemoglobin (StO2), and
the amount of hemoglobin per tissue volume (rHb).

The O2C transmits continuous wave laser light (500—
630 nm) and white light (8§30 nm) through an optical fiber to
the tissue, where it is scattered and collected with fibers of
the probe placed on the tissue surface.'> The white light
tends to penetrate deeper into the tissue than the laser light
due to its shorter wavelength.'* In VLS, the principle of
absorbance and scattering of white light in biological tissues,
gives a marked difference in absorption spectra of oxyge-
nated and deoxygenated hemoglobin thereby, directly mea-
sures hemoglobin saturation and concentration.®!3!4

For LDF measurements, reflected laser light from the
moving red blood cells in the tissue generates a Doppler
shift. The frequency of this reflected light is dependent
upon the velocity of the cells (erythrocytes) and is detected
by a photodetector within the instrument and transformed
into an electrical signal. The LDF produces a value
referred to as a flow (red blood cell flux) expressed
as mL/min/100-gram tissue.

Measurements were repeated in case of unstable or fluc-
tuating recordings. The graphical picture provided by the
LCD monitor of the O2C unit, help to keep the absorption
spectra of oxyhemoglobin well above 50% of the arbitrary
unit (AU) scale during examinations (Figure 1A and B)."”
This step allowed us to perform the repeated transserosal
measurements in all subjects without applying unnecessary
pressure on the serosa. Before each recording, an ambient
light correction was performed automatically, which allowed
keeping the examined area illuminated and maintaining the
02C microprobe’s visual control throughout the examina-
tion. A standard measurement protocol of 5 seconds of
continuous measurements at each anatomical position
resulted in approximately 200 measurements at each

Figure | (A-B). Transserosal microcirculation recordings: (A) microprobe on ventricle surface (B) LCD monitor with the real-time absorption spectrum of oxyhemoglobin
(red), and graphic presentation of StO2, relative hemoglobin, flow and velocity and the mean numerical values.
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anatomical site. The system provided a real-time quantita-
tive measurement and stored the raw data for later analysis.

After establishing pneumoperitoneum with CO2, and
before any intraperitoneal dissection, baseline measure-
ments were recorded from predefined anatomical sites on
the greater curvature’s anterior surface. Measurements
were repeated at the same anatomical sites after gastric
tube formation and subsequently, after the construction of
the TGEA (Figure 2A—C). The distance between each
measuring site was approximately 3—4 cm apart. In all
patients, the gastroesophageal anastomosis was con-
structed at the site M7. A marking suture was placed at
the gastric incisura towards the level of site M3, to identify
the site after the gastric pull-up and anastomosis. All
measurements were performed under stable hemodynamic

conditions. No vasopressor medications were administered

during the measurements, and the systemic oxygen satura-
tion was kept > 97%.

Operative Technique

A standard thoracolaparoscopic, “Ivor-Lewis” type mini-
mal invasive esophagectomy was performed in all
patients.'® This approach included complete mobilization
of the stomach, dissection of the short gastric arteries and
the left gastric artery, and gastric tube preparation after
regional lymphadenectomy. A multi-step thoracolaparo-
scopic subtotal resection of the esophagus with two-field
lymphadenectomy was performed. The gastric conduit was
anastomosed to the proximal residual esophagus at the
carina level by a circular staple device. The introduction
site for the circular stapler was closed using a linear stapler
and oversewn.

B

M7

M1 M2

Figure 2 (A—C). Measuring points M| to M8 (green dots) at baseline, after gastric tube construction, and gastroesophageal anastomosis.
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All surgical procedures were performed under gen-
eral anesthesia with the same team of surgeons who
were blinded to the results of the perioperative micro-
circulation measurements. Thoracic drains were placed
close to the anastomosis and the diaphragmatic hiatus.
A decompressing nasogastric tube was positioned, and
the patients were extubated in the operating theatre.
Postoperatively, a mean systemic arterial pressure of
65 mmHg or higher was targeted, and vasopressors
were administered if needed. All patients stayed at the
postoperative surveillance department for three days and
were routinely examined on the third postoperative day
with upper endoscopy and computed tomography (CT)
with oral contrast of the esophagus. Complications are
reported on and graded according to Clavien-Dindo
classification of surgical complications as recommended
by the
Group.'’

Esophagectomy Complications Consensus

The study protocol was approved by the Regional
Committees for Medical and Health Research Ethics in
the South-Eastern region of Norway (approval number
2018/500/REK ser-gst A) and registered in Clinicaltrials.
gov (ClinicalTrials.gov ID NCT03724162). The study
conforms to the provisions of the Declaration of
Helsinki. Informed written consent was obtained from all

patients included in the study.

Statistical Analysis

A descriptive data analysis was performed. Data are pre-
sented as median (range) or mean (standard deviation)
dependent on data distribution. Group comparison and
mean changes were evaluated using the paired sample
t-test. A P -value < 0.05 was considered statistically sig-
nificant. Statistical analyses were performed using SPSS
version 25 (IBM SPSS Statistics).

Results

During a period of seven months, ten patients with eso-
phageal cancer were included. Patient characteristics are
given in Table 1. There was no 30-day and 90-day mor-
tality. During a median follow-up period of 16 months
(range, 12—18 months), one patient died. Three patients
(30%) had an anastomotic leak type I and Grade II surgical
complication (Table 1). These three leakages were identi-
fied by third
postoperative day and confirmed with a CT with oral

standard upper endoscopy on the

contrast on postoperative day six. In one patient, the leak-
age was treated solely with antibiotics. In the other two

Table | Baseline Characteristics of Patients (n=10)

Variables

Median age, years 59 (47-83)

Gender (male: female) 37

Comorbidity
Ischemic heart disease
Atrial fibrillation
Stroke
Hypertension

Pulmonary disease

N U1 O — O

Hypercholesterolemia

BMI, median 24.8 (21.6-31.1)

GERD 7

Smoking 2

Histology
AC/SCC 8/2

Tumor location (Distal Esophagus/Cardia) 9/l

Clinical cancer staging
Stage |
Stage Il
Stage Il
Stage IV

—_ 1 W -

Type of operation
Ivor-Lewis MIE 10

Anastomotic leak
Definition: Type | 3

Clavien—Dindo classification of surgical I | 1| llla | Nib

complications

Anastomotic leak
Pneumonia
Pleural effusion
Atrial fibrillation

o O ©o o o
— AN W Ww
o O o O o
o O © ©o o

Pulmonary embolism

*Median ICU stay, days
®Median ICU stay, days
?Median hospital stay, days

4 (4-10)
4(4-12)
25 (25-34)

®Median hospital stay, days 17 (7-39)

Mortality
30 days and 90 days 0

Abbreviations: AC, adenocarcinoma; ASA, American Society of Anesthesiologists;
BMI, body mass index; GERD, gastroesophageal reflux disease; ICU, intensive care
unit; SCC, squamous cell carcinoma; 2With leaks; bWithout leaks.

patients, antibiotics were administered, and the Jackson-
Prat drain kept for an extended period of 5—7 postoperative
days.
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Intraoperative transserosal microcirculation assessment
was successfully performed in all patients. The median
recording time required for the measurements was 6 min-
utes (range, 3—8 minutes).

When analyzing the whole study group, a reduction in
StO2 was found at all measuring sites in the gastric tube as
compared with the baseline measurements. The reduction
was statistically significant at the sites M4 (P = 0.04), M5,
and M7 (P = 0.03). The reduction in StO2 became ampli-
fied (P < 0.001) after the construction of TGEA at all
measuring sites as compared with the baseline measure-
ments (Figure 3A). The mean StO2 reduction from base-
line to gastric tube formation and after anastomosis was
16% (range 4% - 28%) and 42% (range, 35% - 52%),
respectively. A statistically significant increase in the rHb
concentration was detected at the most cranial part of the
gastric tube, site M7 (P = 0.04) (Figure 3B).

The mean LDF measurements of the whole study
group showed a statistically significant increase in the
local blood flow at the site M4 (P = 0.009) after TGEA
(Figure 3C). A similar change in velocity measurements
was observed in the gastric tube after TGEA (P = 0.004)
(Figure 3D).

A Mixed arterial and venous saturation of hemoglobin
(St02)
120

100

o =t Tt

2 60
) ! ! I } ]
w© 4 ?
20
0
M1 M2 M3 M4 M5 Mé M7
=@ BLs02-BL »=GTs02 Anastso2
C Flow
600

M1 M2 M3 M4 M5 M6 M7

=== Blflow Gtflow Anastflow

In the three patients with leaks, the mean StO2 reduc-
tion after anastomosis, as compared with the baseline
StO2, was 49% (range, 25% - 69%), while in patients
without leaks, it was 39% (range, 32% - 46%). After
anastomosis, rHb increased from baseline to 61% (range,
33% - 147%), and 17% (range, 0-38%), respectively in the
patients with and without leaks. Although, the mean
change in velocity was similar in patients with or without
leaks, respectively 12% (range, —13% - 41%) and 11%
(range, —14% - 44%), the mean tissue blood flow after
anastomosis was increased by 36% (range, —5% - 57%)
and 26% (range, —4% - 51%) respectively. This increase
was statistically significant only at M4 in patients without
leaks (P = 0.02). Table 2 gives a detailed account of
microcirculation assessment results in patients with and
without anastomotic leaks.

Discussion

This is the first study to present data on the simultaneous
use of LDF and VLS for assessment of the gastric tube
microcirculation in patients with esophageal cancer under-
going minimally invasive surgery. The O2C technology
utilized, provides a real-time information to the surgeons

B
Relative hemoglobin amount (rHb)
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> 80
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0
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D Velocity
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IR N

2 —tl =]
30
20
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0
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«—@—BLVelo GTVelo AnastVelo

Figure 3 (A-D). Mean values with standard deviation of intraoperative transserosal microcirculation of stomach and gastric tube in patients with esophageal cancer. AU,

arbitrary units; M1-M7, measuring sites.
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Table 2 Results of Intraoperative Transserosal Microcirculation Assessment of Gastric Tube and Thoracic Gastroesophageal

Anastomosis with Laser Doppler Flowmetry and Visible Light Spectroscopy in Patients with Esophageal Cancer

Oxygen saturation (AU) *Mean diff. | P Relative Hemoglobin (AU) *Mean diff. | P
(Mean t SD) in % (Mean t SD) in %

Baseline Gastric tube | Anastomosis Baseline | Gastric tube | Anastomosis
MI® | 6915 72 £27 80 + 20 78 £ 13
MI¢ | 879 78 £ 22 60 = 15 63 +22
M2® | 88+7 76 £33 76 £ 14 58 + 16
M2¢ | 88+ 6 69 + 21 46 + 14 65 + 21
M3® | 84+7 90 + | 63 + 28 25 26 60 = 16 81 + 11 85 + 35 42 2
M3¢ | 90 +8 83+8 54+ 16 40 005 | 6211 62+ 11 62 + 23 0 2
M4® | 82+ 12 74 + 21 44 + 39 46 16 58+ 15 77 £ 11 81 =21 40 3
M4 | 91 £ 4 73 16 5111 44 .005 | 48+ 13 51 +£20 55 +27 15 5
M5° | 93+2 67 13 55+3 41 005 | 56 £ 16 69 + 19 81 £ 10 46 N
M5¢ | 89+9 77 £ 17 60 £ 16 33 .005 | 457 9+ 19 58 + 36 29 4
Mé° | 85+ 12 8l 16 26 + 12 69 .0l 63 + 31 62 +22 84 +6 33 4
Méc | 86+ 14 73+ 16 59+ 13 32 .005 | 48 £ 11 56 £ 17 49 £ 16 3 8
M7° | 87+7 85+ 14 30+ 14 66 .005 | 58 +24 47 £ 9 143 £ 77 15 2
M7¢ | 90 £ 5 56 + 29 49 + 29 46 .0l 40 £ |11 78 + 23 55+ 19 38 N
Flow (AU) *Mean diff. | P Velocity (AU) ®Mean diff. | P
(Mean t SD) in % (Mean t SD) in %

Baseline Gastric tube | Anastomosis Baseline | Gastric tube | Anastomosis
MI® | 373 £139 | 290 + 53 34+ 11 34+8
MI€ | 235+ 69 237 £ 70 3416 38+ 19
M2® | 354 + 90 313 + 140 44 + 14 32+2
M2¢ | 249 £ 29 252 + 49 3517 34+5
M3® | 307 + 130 | 414 + 251 292 £ 16 -5 9 3212 50 + 28 34+ 6 5 9
M3° | 249 * 65 270 + 82 376 + 183 51 9 36 £ 12 38+ 14 46 + 15 28 .005
M4® | 305 + 70 402 + 190 477 £ 135 57 3 36+ 14 43 12 45+ 5 25 4
M4c | 258 + 41 221 + 63 389+ 117 51 .02 36 £ 4 306 52+9 47 .005
M5° | 294 + 80 431 £ 219 427 £ 157 45 N 32+3 43 £ 12 45+ 10 39 2
M5¢ | 227 + 43 249 + 66 262 + 95 15 4 3416 367 32+ 11 6 7
Mé° | 263 + 63 282 + 173 346 + 152 32 5 3l £ 11 3£ 6 27 £ 3 13 .6
Mé° | 208 + 30 206 + 59 244 + 89 17 4 335 33+9 34+ 12 3 7
M7° | 266 + 98 332 + 157 403 £ 79 52 2 35+ 17 4] £ 12 35+5 0 |
M7¢ | 219£70 233 + 51 210 + 27 -4 .8 3512 32+5 30+ 4 14 4

Notes: P values, paired sample t test. *Percent changes comparison between Baseline and Anastomosis. "With anastomotic leaks and “without leaks.

Abbreviation: AU, arbitrary units.

during surgery. We found a significant reduction in the
tissue StO2 in the gastric tube. The tissue StO2 deterio-
rated further, and a statistically significant reduction in the
transversal StO2 after anastomosis was observed in all
patients, compared to baseline values. In this pilot study,
the patients with leaks had a lower mean StO2 at baseline
compared with the patients without leaks, and they also
had a more reduction in the mean StO2 after anastomosis.

The mean proportional increase in rHb in the patients
with leaks was higher (61%) than those without leaks
(17%). This increase in rHb was most evident in the
most cranial part of the patients with leaks. This is an

important observation as the increase in rHb represents
venous congestion that may impact tissue StO2. Gerau
et al also found that in addition to significantly reduced
StO2, there was an increase in the rHb in the gastric tube
of patients with leaks.'® Furthermore, Buise et al found
that the patients developed venous congestion after
esophagectomy.'® Murakami et al performed microvascu-
lar anastomosis on the neck and showed that both the
arterial circulation and venous congestion were relieved
after such vascular anastomosis.’®?! However, in contra-
diction to Buise et al, they did not find reduced StO2. In

the present study, we also found an increase in the mean
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tissue blood flow from baseline to the anastomosis in
patients with leaks (39%). This increase in tissue blood
flow is of smaller magnitude in the patients without leaks
(26%). Thus, the combined use of LDF and VLS enables
substantiated information regarding blood circulation at
the anastomotic site for the surgeon during surgery and
may also further enlighten pathophysiological changes
induced in the gastric tube.

Based on the present findings, patients with leaks may
have more ischemic changes, aggravated by the venous
congestion as represented by rHb increase. The increase in
local blood flow is probably a compensatory physiological
response to ischemia that may contribute to venous con-
gestion due to reduced venous drainage caused by surgical
trauma to the veins during esophagectomy and gastric tube
formation. Extrinsic compression at the esophageal hiatus
may also obstruct venous drainage and could have caused
with  leaks.”'

Manipulation and axial tension in the tube may also play

venous congestion in the patients
a part in venous drainage.4 The physiological counter-
current mechanism of shunting blood flow from the
mucosa to the serosal layer during an ischemic insult
may also have contributed in the increase in local blood
flow measured with transserosal LDF in our study
cohort.?> To avoid vascular injury, a fair distance from
the left gastroepiploic artery was maintained during free
dissection of the greater omentum. Although the diaphrag-
matic hiatus’s opening was wide, this could still have been
a potential source of external compression on the venous
drainage, secondary to expected postoperative edema.
The advantages of LDF and VLS are the quickness of
high
reproducibility.® VLS is validated for the investigation of

measurements, low invasiveness, and
chronic mesenteric ischemia.'* Many studies have utilized
LDF and VLS to assess the microcirculation in gastric
tube. However, most of these studies of the microcircula-
tory assessment of gastric tube have been conducted on
with the patients with anastomosis constructed on the
neck. Most of the studies of the microcirculatory assess-
ment of the gastric tubes are initial experiences and feasi-
bility LDF or light
spectrophotometry has been utilized. Only two studies
incorporated both LDF and VLS.'>* The former was

the investigation of transmucosal microcirculation in

studies. Furthermore, either

patients with non-specific abdominal pain, and the latter
included patients with chronic mesenteric ischemia and
a control group with non-specific abdominal pain. Other
studies such as Pham et al had no real-time measurements,

while Wang et al excluded patients with anastomotic
leaks.***

Although the assessment of ischemia can be identified
as a common aim in these studies, the studies differ in
patient demographics and the different measurement units.
It is, therefore, hard to draw conclusions and to standar-
dize these methods for routine clinical use. Interestingly,
many of the available studies could not provide intraopera-
tive real-time information about microcirculation.”**’ In
contrast, the present study confirms the feasibility of the
combined use of LDF and VLS intraoperatively, as made
possible by the O2C technology.

Although studies have shown adverse effects of both
radio- and chemotherapy on the tissue, the neoadjuvant
radio-chemotherapy is the current standard of treatment of
esophageal cancer before radical surgical resection for
most patients.'" Furthermore, the clinical results of major
studies have so far not demonstrated more anastomotic
leakages.”® A major limitation of our pilot study is the
small sample size. The study was not designed and pow-
leaks

Therefore, statistical evaluations should be interpreted

ered to investigate anastomosis in general.
cautiously. Anastomotic leaks were identified early due
to an aggressive diagnostic approach, including routine
gastroscopy at day three and liberal use of early CT with
oral contrast. The standardized surgical technique applied
represents a strength of the study. The study results hold
promise for future appropriately powered studies to pro-
vide intraoperative useful cut-off values for StO2, rHb,
local tissue blood flow, and velocity. The results of more
extensive studies may be used to standardize microcircula-

tion assessment modalities for regular clinical use.

Conclusion

Concomitant intraoperative transserosal LDF and VLS may
help identify local ischemia in the gastric tube during eso-
phagectomy. Patients with anastomotic leaks seems to have
a profound local tissue StO2 reduction, which is further
aggravated by the development of venous congestion.

Data Sharing Statement
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